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Different types of algorithms
• Using ADI:
• KLIP-ADI (Pueyo 2016)
• Mask and Interpolate (Perrin, 

Duchene et al. 2015) 

• Require a librairy of empty PSF (H 
band only for GPI):
• Non-negative matrix factorization 

(Ren et al. 2018)
• KLIP-RDI (see Justin Hom’s

conference)

Basically trading SNR and impact on the shape

PSF Estimation and 
Subtraction
• Mask and Interpolate – For 

observations of bright disks, mask 
disk and interpolate PSF under the 
mask
• RDI-NMF – For H-band (with GPIES 

reference library), construct PSF 
from reference observations using 
NMF
• RDI-KLIP – For H-band (with GPIES 

reference library), construct PSF 
from reference observations using 
KLIP
• ADI-KLIP – Construct PSF from 

observational sequence using KLIP



Geometry
The exclusion angle increases a lot for the 
ADI-based methods due to self-
subtraction

Geometrical parameters :
- R = 77 AU +/- 0.3 AU
- i = 76.0 〫 +/- 0.15〫
- PA = 26.6〫 +/- 0.13〫

Offset are slighlty more important:
- Offset Major axis (toward SW) = 0.3 AU
- Offset Minor axis (toward NW)= -0.9 AU
In the disk plane
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Scattering phase function 

Well known  in the solar system where you have probes 
(Rosetta, Cassini, …) that allows you to make these 
measurements at each angle

Figure 10

Observed scattering phase function for di↵erent dust populations in the Solar System. Solid and
dashed curves are two estimates of the phase function for the zodiacal dust population while color
symbols represent planetary rings and cometary dust populations. Data used in this figure are
from Bertini et al. (2017, comet 67P), Hanner & Newburn (1989, comet 1986l), Hedman & Stark
(2015, Saturn’s rings), Hong (1985), Hui (2013, comet P/2003 T12), Leinert et al. (1976), Moreno
et al. (2012, comet 22P), Schleicher et al. (1998, comet 1P), Throop et al. (2004, Jupiter’s ring),
Zubko et al. (2014, comet C/1975 V1).

very extended and contains a number of discrete substructures. Since any light of sight

through the zodiacal light e↵ectively integrates scattering along an extended column of

dust, it is necessary to determine the spatial structure of the zodiacal dust in order to

estimate its scattering phase function. Unfortunately, our location inside of this disk makes

this endeavor di�cult. So far, this separation has been performed under the assumption

of a simple power law surface density profile by Leinert et al. (1976) and Hong (1985),

leading to tyhe phase functions shown in Figure 10. These e↵orts e↵ectively assume that

the e↵ects of small-scale substructures cancel out in the integral along the line of sight. As

an indication of uncertainty, Leinert et al. (1976) estimated 4 separate phase functions, each

under di↵erent assumptions for the surface density profile of the zodiacal disk, suggesting

that we only understand the phase function to within a factor of 2 or so. Specifically, the

phase function could have a more marked back-scattering peak associated with a somewhat

weaker forward-scattering one. On the other hand, rather than a direct empirical estimate

of the zodiacal phase function, Hong (1985) provides a 3-parameter composite Henyey-

Greenstein phase function. Nonetheless, the general shape of both estimates of the phase

function are in good agreement, suggesting that the results are robust.

Another well-studied dust population in the Solar System is the dust tail of comets. In
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Scattering phase function 
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Harder for debris disk

Figure 6

Observed scattering phase function for various debris disks (colored symbols; Kalas et al. 2013;
Stark et al. 2014; Olofsson et al. 2016; Milli et al. 2017b), the GGTau protoplanetary ring (black
symbols; McCabe et al. 2002; Krist et al. 2005), and several dust populations in the Solar System
(gray symbols and black curves; see PartC of the Supplementary Materials). For consistency, we
have assumed that the brighter region of each debris disk corresponds to the front side of the disk
(for the case of Fomalhaut, see Le Bouquin et al. 2009). Near-infrared observations are shown as
pentagons whereas other symbols indicate visible light observations. The orange curves display
representative Henyey-Greenstein phase functions.

well the generic phase function (Min et al. 2016; Tazaki et al. 2016, and references therein).

This suggests that debris disk dust particles share a similarly porous structure to cometary

dust, whereas the detailed dust composition only plays a secondary role in setting the

phase function. Even the unusual phase function observed in the HR4796A system is

consistent with scattering o↵ porous aggregates, albeit with a larger minimum size of 20–

30µm (Milli et al. 2017b). Based on these calculations, it is worth emphasizing that a larger

minimum grain size typically results in a shallower phase function around 90� scattering

angle, contrary to naive expectations, which further emphasizes the danger in interpreting

the degree of forward scattering in terms of minimum grain size.

3.3. Implications and perspectives

As discussed above, the availability of increasingly higher quality observations of debris disks

in recent years has led to a number of robust conclusions about their dust content. The dust

composition is dominated by silicates, albeit with non-negligible amounts of refractories

and ices, much like dust in the Solar System. Individual grains are characterized by an

aggregate-type structure with significant degrees of porosity. The overall shape of the size
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Among the known SPFs for debris disks, HR 4796 is an outlier
(SPHERE data : Milli et al. 2017)



Empirical SPF Extraction Methodology
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Empirical SPF Extraction Methodology

Correction of the effect of the reduction treatment:
inject a model of the disk in an empty data set (or with forward modelling) and then do the 
same treatment before and after to check the impact of your method

Isotropic SPF model
before KLIP-ADI

Isotropic SPF model
after injection and KLIP-ADI



Empirical SPF Extraction:
Problem with this method: 
• The model is not exactly the same as the data, which has a lot of impact on the self subtraction and over-subtraction

LEFT: with an injected 
fake disk for which 
we know the exact SPF
and geometrical parameters

SPF Retrieval possible

Right : with real data 
(exact geometrical parameters
unknown)

SPF retrieval not reproductible
with different techniques and
bandwidth 



Full fit of the all the disks parameters 
including the SPF

H band



Full fit of the all the disks parameters 
including the SPF

Two components Henyey-Greenstein function
• fitted on the SPHERE extracted SPF (H band)



Full fit of the all the disks parameters 
including the SPF

Two components Henyey-Greenstein function
• fitted on the SPHERE extracted SPF (H band)

• fitted directly on the GPI images
• in K1 band
• in H band



Thank you !


